We determined the prevalence of, and risk factors for, fecal quinolone-resistant Escherichia coli (QREC) in 324 children from Yucatan, Mexico. QREC was higher in children with recent Salmonella infection (100%) than in children with diarrhea (61%) or healthy children (54%) (P ‫؍‬ 0.007). Multivariate analysis identified recent hospitalization of a family member (P ‫؍‬ 0.011, odds ratio [OR] ‫؍‬ 5.1) and carriage of Salmonella (P ‫؍‬ 0.004, OR ‫؍‬ 3.7) as independent risk factors for QREC.
The use of antibiotics for food animal production has stirred great controversy in the scientific community (13, 15, 19, 20) . It is widely accepted that antibiotics used in veterinary medicine present cross-resistance with those of the same class used for human therapeutics and that antibiotic-resistant food-borne bacteria, or their resistance determinants, may be transferred from animal reservoirs to humans (17, 18, 19) . However, there is considerable debate on the frequency of such transfer and the human health impact of such an event (13, 17) . Moreover, studies that measure the individual contribution of human and veterinary antibiotic usage to antibiotic resistance in human food-borne disease are lacking (13, 20) .
Poultry and swine production are major economic activities in Yucatan, Mexico. Fluoroquinolones, such as enrofloxacin, are widely used, but precise information on the indications, dosage, and total quantity of antimicrobials are not available. Escherichia coli is a useful indicator of the selective pressure exerted by antibiotic usage in a particular environment (14, 17) . In this study, we used fecal quinolone-resistant E. coli (QREC) in children as an indicator of the selective pressure from quinolone and fluoroquinolone use in Yucatan. Children under 13 years of age were selected since they rarely, if ever, receive quinolones or fluoroquinolones for treatment.
(This study was presented in abstract form at the 101st General Meeting of the American Society for Microbiology, Orlando, Fla., 21 May 2001.)
The study was conducted from September to December 2000 in Yucatan, Mexico. Fecal samples were collected from children with acute community-acquired diarrhea (group 1), healthy children from five day care centers or kindergartens in three different cities (group 2), and children with a history of Salmonella infection in the last 6 months (group 3). A standard questionnaire was administered to each child's mother or guardian from groups 1 and 2. Data was collected on the child's age, antibiotics administered to the child and/or close family members during the previous 90 days, and history of recent hospitalization and occupational exposure to food animals or raw meat in close family members. The study was approved by the Hospital General O'Horan Internal Review Board, and informed consent was obtained from all participants.
For E. coli, 1 g or 1 ml of feces was diluted in 4 ml of phosphate-buffered saline and plated onto MacConkey agar with 32 g of nalidixic acid (Sigma Chemical Co., St. Louis, Mo.)/ml. Isolation of Salmonella was performed with previously described methods (5). Susceptibility testing was performed by disk diffusion according to NCCLS guidelines (9) , and data was analyzed with WHONET, version 5.2, software. Univariate analyses with the chi-square test and multivariate logistic regression analysis were conducted with SPSS, version 6.01.
Fecal samples were collected from 324 children (1 month to 12 years). QREC isolates were recovered more frequently from children with a recent Salmonella infection than from children with acute diarrhea of any etiology or from healthy children (P ϭ 0.007) ( Table 1 ). All mothers answered the questionnaire; only 6% of them were unable to answer certain questions. In all three cities, ampicillin, amoxicillin, and trimethoprim-sulfamethoxazole comprised 70 to 80% of the antibiotics used by children and close family members.
QREC isolates were resistant to antibiotics used in Yucatan for treating diarrhea (ampicillin, 62%; chloramphenicol, 25%; trimethoprim-sulfamethoxazole, 71%) and severe Salmonella infection (ceftriaxone, 8%). QREC isolates resistant to all four of these antibiotics were found more frequently in children with diarrhea or recent Salmonella infection than in healthy children (10 and 8%, respectively, versus 1%; P ϭ 0.01). Salmonella isolated from children with QREC were more frequently resistant to ampicillin, chloramphenicol, trimethoprim-sulfamethoxazole, or nalidixic acid than those isolated from children without QREC (13 of 34 versus 3 of 9), but the difference was not statistically significant. No Salmonella isolates were resistant to ciprofloxacin or ceftriaxone. Univariate analysis identified antibiotic exposure, hospitalization of a close family member, and concomitant presence of Salmonella in the feces as risk factors for QREC (Table 2) . These variables, as well as outpatient antibiotic treatment in family members (P ϭ 0.067), were entered into a stepwise logistic regression analysis. Only recent hospitalization of a close family member (P ϭ 0.011, odds ratio [OR] ϭ 5.1) and fecal shedding of Salmonella (P ϭ 0.004, ORϭ 3.7) remained significant after multivariate analysis.
The carriage of fecal QREC in our study population was extremely high, particularly in children with recent Salmonella infection. Calva et al. (1) reported that only 1% of children in Mexico City carried norfloxacin-resistant E. coli during 1990 and 1991, and van de Mortel et al. (16) found fecal Cip r E. coli in only 1% of adults and children in Venezuela in 1996. Results similar to those of our study were reported by Garau et al. (7) in Spain. These investigators isolated fecal Cip r E. coli from 24 and 26% of healthy adults and children, respectively, and from 90% of live poultry in 1998. They also found a much higher prevalence in children with diarrhea (40%). Since all these studies used selective media with antibiotic to recover QREC, the discrepancies could be due to different selection pressures exerted at the human and veterinary levels. More importantly, it suggests that QREC is a recently emerging problem.
Other studies (4, 7) have found QREC to be multiple-drug resistant, which is in agreement with our findings. A marRAB operon that confers increased levels of resistance to quinolones and other antibiotics and that is inducible by nonquinolone drugs such as tetracycline, chloramphenicol, and salicylates has been described (3, 8) . High-level fluoroquinolone resistance is usually attained through multiple mutations in target genes as well as enhanced efflux (4, 10) . Repeated exposure to antibiotics in animal and human hosts could provide the necessary setting for such mutants (4) .
The association between hospitalization of a close family member and QREC can be attributed to the heavy use of fluoroquinolones at our hospitals, where resistance in nosocomial pathogens is a major problem (21) . Prior treatment with fluoroquinolones is a major risk factor for the emergence of fluoroquinolone-resistant E. coli in the gastrointestinal flora of hospitalized patients (2, 11) . Transmission of trimethoprimresistant E. coli among family members has been reported (6, 12) , and we may reasonably assume that QREC is as easily transferred in the household setting. The association between QREC and fecal carriage of Salmonella suggest acquisition from a common source such as contaminated food. Surveillance data for 2000 and 2001 detected a higher prevalence of Salmonella and Cip r E. coli in retail meats than in ill and healthy children (M. Zaidi, E. Zamora, P. J. Fedorka-Cray, J. Hermosillo, M. Headrick, and L. Tollefson, Abstr. 41st Intersci. Conf. Antimicrob. Agents Chemother., abstr. C2-53, 2001). Given their high prevalence in meat, transmission of these organisms from food to humans is likely to be a frequent event.
Our study identified a high prevalence of fecal QREC in children that appears to be associated with both human and veterinary usage of antibiotics. Novel strategies are needed to measure the selection pressure of each for quinolone resistance in E. coli and the impact of QREC on human health. Human QREC infections should be closely monitored in the future.
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